Abstract. In order to improve the high voltage SF6 circuit breaker breaking performance, the simulation scheme of multi-parameter optimization design of circuit breaker interrupter is proposed based on the orthogonal experiment method. Through numerical modeling and simulation of interrupter airflow field, the effects of three parameters such as of cylinder diameter, expansion chamber diameter and nozzle throat diameter on the breaking performance of circuit breakers were studied. An interrupter structure with the best breaking performance was obtained. Simulation results show that, among the above three parameters, the nozzle throat diameter has the greatest influence on the breaking performance of circuit breakers. The smaller the nozzle throat diameter, the stronger the breaking performance of the circuit breaker. This is of great significance to the multi-parameter optimization design of high voltage SF6 circuit breaker interrupter structure.
Introduction
High voltage circuit breakers are important control and protection devices in power system. They can break, close and carry the normal, abnormal and short circuit currents of power system. Therefore, breaking performance is the most important technical indicators of high voltage circuit breaker [1, 2] .
During the breaking process of the high voltage SF6 circuit breaker, the arc generated between the moving contact and the static contact belongs to the plasma. The process of arc development is a complicated process of the interaction between electromagnetic field, temperature field and airflow field. The burning and extinguishing characteristics are closely related to the structure of the interrupter [3] [4] [5] . The nozzle and cylinder is the core components of the interrupter, and its shape has a significant impact on the gas pressure and flow rate during the arc extinguishing process.
In order to study the influence of cylinder, expansion chamber and nozzle throat diameter on the breaking performance of circuit breakers and get the best interrupter structure through less simulation calculation, a high voltage SF6 circuit breaker is taken as the research object in this paper. Firstly, the simulation model of the flow field during the breaking process of interrupter is set up, and the parameters of flow field such as pressure, temperature and flow rate are obtained by numerical calculation. Secondly, based on the idea of orthogonal experiment method, a simulation program of multi-parameter optimization design for interrupter was designed. Thirdly, according to the simulation results, the influence of the above three parameters on breaking performance was analyzed, and an interrupter structure with the best breaking performance is proposed.
Simulation Model and Characteristics of Airflow Field in Interrupter Mathematical Model of Airflow Field Simulation in Interrupter
Based on the theoretical analysis and empirical design, the initial structure of the circuit breaker is put forward. In order to study the breaking performance of the circuit breaker, it is necessary to carry on the simulation of the load short circuit breaking process. Refer to the circuit breaker breaking test conditions, the interrupter breaking current loaded on the simulation model is rated short-circuit current 63kA. The mathematical model of arc is established according to the general conservation equations:
where  is the variable to be solved, meanwhile  and V  is the density and velocity of the gas respectively. The source term S  and the diffusion coefficient   are listed in Table 1 , where all notations have their conventional meaning [6, 7] . 
Simulation Model of Airflow in Interrupter
In order to ensure the quality of the grid and the accuracy of the calculation, it is necessary to simplify and equivalent the initial structure of the arc extinguishing chamber before modeling. Based on the simplified geometric model, a two -dimensional axisymmetric simulation model is established. According to the actual use of the product conditions, set the initial conditions of simulation, which gas velocity is 0, the temperature is 300K, the circuit breaker inflation pressure is absolute pressure 0.62MPa. In the simulation model, set the two outlets, the outlet pressure is always maintained for the initial pressure of the interrupter. The simulation model and the boundary condition are shown in Figure 1 . 
Simulation Analysis of Airflow Field in Interrupter
Through the simulation of the initial structure of the arc chamber, the pressure, the Mach number and the temperature cloud diagram of the current zero are shown in Figure 2 . It can be seen from the pressure cloud diagram, when the current is zero, the maximum pressure of the gas in the cylinder is 3.1MPa, the pressure in the nozzle upstream is 2.2MPa, the pressure in the nozzle throat is 1.4MPa. The nozzle downstream region is formed with a relatively low pressure zone due to the rapid gas flow rate, which is about 0.34MPa. On the whole, from the pressure cylinder, nozzle upstream, throat to the downstream area, the pressure inside the arc chamber showed a significant downward trend. Under the action of this pressure difference, the internal area of the nozzle at the time of current zero produces a strong air blow, which is conducive to the extinguishment of the arc. It can be seen from the Mach number cloud diagram, from the nozzle upstream through the throat to the downstream area, the gas flow rate gradually increased. A high-speed air blowing formed in the nozzle throat and downstream area, so the initial shape of the nozzle design is more reasonable. From the temperature cloud, it can be seen that at the current zero time, the arc region temperature is from 3000K to 4000K, arc shape is elongated. This shows that the arc is in the ideal arc extinguishing environment, which is conducive to breaking the circuit breaker. 
Optimization Design of Interrupter Structure Based Orthogonal Experiment Orthogonal Experiment Method Introduction
Orthogonal experiment method is a scientific method of organizing the experiment. It uses the orthogonal c ), L is the code of the orthogonal table, n is the number of trials, t is the number of levels, and c is the number of columns. In each column of the orthogonal table, different numbers appear in equal numbers, the numbers in any two columns are arranged in a perfect and balanced manner, and each level of each factor touches each level of another factor [8] .
Optimization Indicators and Optimization Parameters
Before the multi-parameter optimization of high voltage SF6 circuit breaker interrupter, we must first determine the optimization index, which needs to reflect the breaking performance. Because the arc extinction environment is extremely complicated before the current zero time, in order to study the influencing factors of the breaking performance of the interrupter, it is necessary to pay attention to the temperature field and the flow field state in the arc area at the current zero time.
When the current crosses zero, the gas temperature around the arc has a decisive influence on the breaking of the interrupter. In theory, when the current zero time, the lower the temperature between the moving contact and the static contact, the more conducive to breaking. However, as the arc just extinguished, the high-temperature gas generated by the arc energy has not yet been completely cooled, and the temperature in this area is generally several thousand K. Before the current zero time, the high thermal conductivity of the gas is conducive to arc cooling. Therefore, when the temperature is between 2000-3000K, SF6 has a higher thermal conductivity, which is conducive to arc cooling and interrupter breaking.
In addition, it is generally accepted that the magnitude of the flow rate represents the enthalpy flow rate or the arc energy discharge rate through the nozzle. Theoretically, when the flow of the nozzle throat is relatively large at the current zero time, the easier the arc energy is discharged, and the circuit breaker has strong breaking capacity.
Therefore, the optimization index of this paper is the maximum arc temperature (T) and the nozzle throat mass flow (G) at the current zero time.
According to the simulation and design experience, it is found that the nozzle throat diameter, the expansion chamber diameter and the cylinder diameter are important parameters that affect the temperature of the arc zone and the throat mass flow rate at the current zero time, so they are the key factors affecting the breaking performance. Therefore, in view of the above three key structural dimensions, we selected three parameters for optimization respectively, as shown in Table 2 .
Simulation Program Design
In order to separately consider the influence of interrupter structure parameters on the breaking performance, the other simulation parameters outside the structure dimensions are set uniformly as follows: the breaking current is 63kA, the arcing time is 10ms.
In order to study the influencing factors of breaking and find out the main influencing factors, the orthogonal experiment was used to optimize the nozzle throat diameter, expansion chamber diameter and cylinder diameter. The corresponding factors -levels are shown in Table 2 . According to the number and level of factors, L9 ( 3 4 ) orthogonal table is chosen, which means that 9 experiments are required and up to 4 factors can be observed, each factor is 3 levels.
Interrupter Structural Parameters Optimization
In the analysis of the orthogonal experiment results, the main factors that affect the breaking performance of the interrupter are firstly identified, followed by the study of the influence law of each factor, finally the best combination of design parameters is obtained.
Taking A factor as an example, using the range analysis method, the data of nine kinds of conditions were extracted and analyzed. Analysis results are shown in Table 3 . Table 3 . A factor impact analysis. Among them, T1-T3 and G1-G3 are the targets average values under the three conditions respectively combination. Because the various levels of B and C under each conditions combination occur on average, the target average values reflect the effects of different levels of A. Performing the same operation on influencing factors B and C results in T4-T9 and G4-G9. The targets average values and range results are shown in Table 4 . Finally, draw the indicator -factor diagram as shown in Figure 3 and Figure 4 . As can be seen from Figure 3 , A factor (nozzle throat diameter) has the greatest influence on the maximum arc temperature T. The smaller the nozzle throat diameter is, the lower the maximum arc temperature is. The influence of factor B (expansion chamber diameter) and factor C (cylinder diameter) on maximum arc temperature is relatively small. Therefore, considering the index of maximum arc temperature, A1B1C3 is the best combination. It can be seen from the Figure 4 that the A factor (nozzle throat diameter) has the greatest effect on the nozzle throat mass flow G at current zero time, followed by the factor B (expansion chamber diameter) and the factor C (cylinder diameter). Therefore, A1B3C3 is the best combination considering the nozzle throat mass flow. In the maximum arc temperature and nozzle throat mass flow indicators, A1 and C3 are the best program, but B factors are contradictory. Based on simulation and experimental experience, we choose C3 as the optimal solution. In summary, the recommended optimal combination of parameters is A1B3C3.
Summary
The circuit breaker airflow field of the initial design is simulated. The pressure, temperature and Mach number of the arc chamber at current zero time are obtained, and the rationality of the initial design structure is proved.
Based on the orthogonal experiment method, a multi-parameter optimization design scheme of interrupter was designed. According to the simulation results, the influence of nozzle throat diameter, expansion chamber diameter and cylinder diameter on the breaking performance was analyzed. An interrupter structure with the best breaking performance is proposed.
The simulation results show that the nozzle throat diameter has the greatest influence on the maximum arc temperature and the nozzle throat mass flow among the three parameters. The smaller nozzle throat diameter can ensure the lower arc temperature and the larger throat flow at the current zero time, so that the circuit breaker has a strong breaking performance.
